Under the spirit of J. Polchinsky's introduction of D-brane in the string target spacetime (or 'bulk', for short), we consider the presence of both closed and open superstrings and coupling of their low-lying modes in the bulk. As a probe to explore the astrophysical and cosmological implications of the superstring theory at larger length scale or in low-energy dynamics, we construct the Yang-Mills monopole black hole solution and investigate its features. Our results exhibit that as a result of intimate interactions among low-lying modes, some cherished features of classical gravitation and cosmology break down. They are the violation of black hole no-hair theorem and the break down of cosmic censorship hypothesis. We learn from this lesson that these implications of fully developed superstring theory in classical gravitation and cosmology largely depart from our conventional wisdom signaling that the most current version of superstring theory is indeed the best candidate for quantum theory of gravitation.
and Kaluza-Klein type 10 to 4 dimensional reduction. This avenue of development, later, has been dubbed, String Duality. Nearly in parallel, J. Polchinski's introduction of D-brane and J. Maldacena's associated proof of AdS/CFT duality which rapidly evolved into more comprehensive, Gravity/Gauge duality, later, have been coined, brane physics. By now, these two avenues of developments have joined together and collectively have been identified with the 2nd string revolution.
Interestingly enough, although not being along the 2nd avenue of development, namely, brane physics, the author of the present article, Dr. Hongsu Kim has published as early as in 1996, an article in Phys. Letter B [1] that we now would like to revisit and enlarge in a much more rich fashion. To get right onto the point, in the present work, we would like to exhibit that the abovementioned 1996 article of the present author was indeed the first unidentified effort, where, in a manifest fashion, the generic features of brane physics and more comprehensively, the 2nd string revolution, namely, the manifest space- This is truly remarkable, as it implies that in the context of a legitimate quantum theory of gravitation, which, for now, is the string duality and brane physics or collectively, the full version of superstring theory, the longstanding, cherished and hence familiar features of classical theory of gravitation and cosmology manifestly break down and thus are not valid any longer. To the best of our knowledge, this type of effort toward the demonstration of the breakdown of cherished features of classical gravitation and cosmology has not appeared in the published literature, yet. By now, upon the advent of 2nd string revolution, and particularly in the context of the Brane Physics, all the 4 interactions of Nature, namely gauge theory and gravity are successfully unified and along this line obviously the major role is played by closed string perturbations in the bulk, and open string perturbations on the brane, that is, gravitation and gauge theory, respectively.
To be more precise, as a consequence of closed string perturbations in the bulk particularly, its low-lying modes (g µν , B µν , φ) and as a consequence of open string perturbations on the brane, particularly, its low-lying mode (A a µ & F a µ ν) any event that happens should be treated basically by starting with the Lagrangian that the present author dubbed, Einstein-Antisymmetric Tensor Theory in his earlier 1996 article [1] . It is given by
where the antisymmetric tensor gauge field B 
where
Further, by acting the operator D ν on the field equation for A a µ in eq.(3) and using eq.(2), we get
Then the vector potential A a µ satisfying classical field equation eqs. (2) and (3) turns out to be the "pure gauge",
(where U (x) is the gauge transformation function of the given non-abelian gauge group) provided it (eq.(5)) satisfies the "combined" field equation ( (1) demonstrates the equivalence of the theory to the non-linear σ-model [6] . Now we consider the case when the gravity is turned on. To begin, it seems essential for us to declare our sign convention. We choose to take the convention in which g µν = diag(− + ++) and
It is crucial to fix the right sign for the antisymmetric tensor (i.e., the matter) sector of the action "relative" to the gravity action. Therefore in our sign convention, we explain the way we determined the sign for the matter action using the fact that on-shell, the antisymmetric tensor theory action is equivalent to that of non-linear sigma model with the right sign. Consider generators T a of the non-abelian group G
where f abc and c are the structure constant and a representation dependent positive constant respectively. Then it can be readily shown that upon substituting the on-shell condition,
which is of the right sign. Thus in this way we have fixed the sign for the matter action. Now in order to describe the coupled Einstein antisymmetric tensor theory we again employ the first order formulation of the antisymmetric tensor sector, then the theory is described by the action (we work in the unit G = 1)
where we used that in curved spacetime, µνρσ → ( 
along with the curved spacetime counterpart of eq. (4) which is the necessary condition that A a µ must satisfy as classical solution being given by
In addition, varying the action in eq. (6) with respect to the metric g µν yields the Einstein field equation R µν − 1 2 g µν R = 8πGT µν where
with the energy-momentum tensor being given by
Our strategy for solving the classical equations of motion in eqs. (7), (8) and (10) along with the necessary condition eq. (9) is as follows; we start with the solution to the field equations (7) and (9) which, as we shall see, still turns out to be the pure gauge in eq. (5) 
with dΩ 2 2 being the metric on the unit two-sphere. Next, for the matter sector, especially for the vector potential solution of the pure gauge form in eq. (5), in order to look for a spherically-symmetric solution we take the standard ansatz which is the same in form as the flat spacetime Wu-Yang monopole solution ansatz [7] (with the non-abelian gauge group for the anti-symmetric tensor field being chosen to be SU(2))
As is well-known, this solution ansatz is indeed spherically-symmetric in the sense that the effect of a spatial rotation, SO(3), can be compensated by a gauge transformation, SU(2). In the spherical-polar coordinates, this ansatz for the vector potential A a µ and the non-vanishing components of the corresponding field strength F a µν are given by
and 
Note that in terms of the isotropic metric given in eq. (11) 
where τ r ≡r a ( 
This metric represents a sapacetime in which r is timelike and t is spacelike. Thus the metric has an explicit time-dependence. The curvature singularity at r = 0 is timelike and the future of any Cauchy surface contains a naked singularity which is visible from the future null infinity I + .
Namely no event horizon arises and thus it exhibits an example of the violation of cosmic censorship hypothesis.
(ii) For the coupling constant g c = 2 √ 2π;
Again this metric represents a spacetime in which r is timelike and t is spacelike. Also r = 0 is a naked singularity with no event horizon whatsoever around it and hence leads to the violation of the cosmic censorship hypothesis.
(iii) In the strong coupling limit (g c 2 √ 2π);
This metric describes a black hole spacetime with an event horizon placed at
−1 which encloses a spacelike curvature singularity at r = 0.
Since this metric is characterized by two parameters, M and the non-abelian gauge coupling constant g c , the black hole has a non-abelian hair. This black hole spacetime is, as emphasized, not merely a coordinate transformation of the usual Schwarzschild black hole but they have analogous global structures and thermodynamic properties. For instance, this black hole has Hawking temperature and entropy of
Now we conclude with few observations. Firstly, the "non-abelian" hair of the black hole solution in the strong coupling limit possesses an exotic property.
Unlike the abelian gauge charge in the familiar Einstein-Maxwell theory, the non-abelian gauge coupling parameter g c that characterizes the black hole solution above is not measurable as surface integrals at spatial infinity. This is because the metric solution is coupled to the vacuum gauge solution F µν = 0 in the present theory. Secondly, the metric solutions for cases (i) and (ii)
are shown to exhibit the violation of cosmic censorship hypothesis. They, in fact, provide non-trivial counter-examples to the hypothesis in the sense that both the physical and the mathematical versions of the hypothesis are violated.
Namely, its classical metric solution turns out to violate the hypothesis while the present theory itself satisfies the dominant energy condition (i.e., the locally non-negative matter energy density), T µν n µ n ν = 1/g 2 c r 2 ≥ 0 (where n µ is the timelike unit vector) on which the mathematical version of the hypothesis is based. Note that the cosmic censorship hypothesis is believed to hold in the classical theory of general relativity. And thus far there has been no known concrete example of the violation of the hypothesis with its origin being at the classical theory. "White holes", whose existence has been proposed to be possible, should not be regarded as a counter-example to the "classical" cosmic censorship hypothesis since they are objects that can be speculated to exist via the "time-reversal" of the classical black holes in the conventional definition or the quantum black holes that do evaporate in Hawking's option [8] . In this sense, our classical metric solution in the present theory appears to be an interesting example that violates the hypothesis in the purely classical regime. It seems, however, fair to point out that the sort of the violation of the cosmic censorship hypothesis we found here is rather a peculiar consequence of the "exotic" classical metric solution that arises when a classical matter field theory is coupled to Einstein gravity than a phenomenologically realistic result arising from the gravitational collapse of some well-defined initial data.
Concluding Remarks
In our present revisit here, which is indeed a more enlarged/modern ap- The useful lesson we learned from the present work is that unlike the classical theory of gravitation, the superstring theory which is the best candidate for theory of quantum gravity does not respect some of the cherished features of classical astrophysics and cosmology such as black hole no-hair theorem and cosmic censorship hypothesis. This is of course rather an anticipated results as any kind of viable theory of quantum gravity such as the superstring theory would depart from conventional ideas of classical gravitation.
